INTRODUCTION {#s1}
============

Osteoarthritis (OA) of the hip or knee is a common chronic and degenerative disease in older adults. OA causes pain, weakens muscle strength, limits range of joint motion, and leads to joint instability[@r1]^)^. These impairments in physical functions and their accompanying discomfort result in decreases in physical activity. OA patients have traditionally been evaluated through the Western Ontario and McMaster Universities Osteoarthritis Index, the Oxford Hip Score, and the Oxford Knee Score. These scales, however, assess pain and physical function only in different levels of disease severity[@r2],[@r3],[@r4]^)^. Although these scales are necessary for identifying the degree to which OA affects daily life, they cannot assess the total amount of physical activity, including leisure activities such as walking or sports. Because physical activity prevents locomotive syndrome and chronic diseases[@r5]^)^, assessing physical activity is essential in older adults and patients with OA. To assess physical activity, pedometers[@r6]^)^ and self-report questionnaires[@r7],[@r8],[@r9],[@r10],[@r11],[@r12]^)^ have been used. However, these physical activity scales have several limitations when used for older adults and patients with OA.

Aquatic exercise is a widely used therapy method for individuals with OA because of the reduced stress on the joints[@r13], [@r14]^)^. Pedometers can produce an objective and quantifiable result, but cannot measure aquatic activities such as swimming or water walking. In studies using pedometers, participants are required to wear pedometers at all times[@r15]^)^, and the wear compliance rate is lower in older adults[@r16]^)^. Pedometers also cost more than self-reported questionnaires[@r6]^)^. Thus, pedometers are not recommended as first-line measures of physical activity among older adults and patients with OA.

Commonly used physical activity questionnaires for such individuals are the University of California Los Angeles (UCLA) Activity Scale[@r7]^)^, the Baecke Physical Activity Questionnaire[@r8], [@r11]^)^, and the International Physical Activity Questionnaire (IPAQ)[@r9], [@r10], [@r12]^)^. The UCLA Activity Scale is the oldest of these measures, and is used internationally. Its major drawback is that it measures only the level of physical activity. In contrast, the Baecke Physical Activity Questionnaire differentiates work, sports, and leisure activities, but does not have a household activity category. In many cultures, women are more likely than men to engage in household activities. Because the prevalence of OA is higher in women than in men, this scale is not appropriate for women with hip or knee OA.

The IPAQ was developed by the World Health Organization to evaluate physical activity. The original version of the IPAQ was lengthy and time-consuming; a shorter version, taking only 5 minutes to administer, was developed and is used internationally. It measures three levels of activity: vigorous, moderate, and walking. The reliability and validity of the IPAQ (short version) in older adults have previously been established[@r12]^)^. However, the IPAQ (short version) measures only physical activity intensity and is limited in that the content of the activities is not evaluated. Therefore, no single established measures is wholly suited to measure a variety of activities, remains sensitive to changes in activity, and is appropriate for individuals with hip or knee OA.

The Short Questionnaire to Assess Health-enhancing Physical Activity (SQUASH) scale was developed[@r17]^)^ based on Ainsworth's compendium[@r18]^)^, which classified specific physical activities according to their rates of energy expenditure, and enhanced the comparability of cross-study results through self-reports of physical activity. The SQUASH can measure commuting, work, household, and leisure activities and takes only 3 to 5 minutes to administer. The reliability and validity of the SQUASH were established among younger adults in the Netherlands[@r17]^)^. It was subsequently validated in individuals with total hip arthroplasty[@r19]^)^ and has been used in studies of OA patients[@r20]^)^. SQUASH may be used for older adults and OA patients because it has a shorter response time, places a smaller burden on patients than other physical activity scales, and evaluates the content of physical activities rather than just their intensity. Its reliability and validity in an older adult population have yet to be officially validated, however, and the discriminant validity between OA patients and asymptomatic older adults remains unclear. Additionally, the development and validation of a Japanese version of the SQUASH would allow for the physical activity of osteoarthritic Japanese individuals to be compared with their international counterparts.

The aims of this study were threefold: to develop a Japanese version of the SQUASH, to establish the reliability and validity of the Japanese version of the SQUASH in asymptomatic older adults, and to verify the measure's discriminant validity through comparisons with OA patients.

SUBJECTS AND METHODS {#s2}
====================

Asymptomatic older adults were recruited at a traditional Japanese festival in Akita and Miyagi Prefectures, where middle-aged and senior women were expected to attend. This festival was selected because the age and gender of the attendees were expected to be similar to those of the OA group. The inclusion criteria consisted of 1) absence of pain in the lower limbs, 2) absence of previous hospital attendance for treatment of the lower limbs, and 3) ability to self-administer the Japanese versions of the questionnaires. The exclusion criterion was an age above 80 years because of age-related decreases in activity level. A booth was set up to allow festivalgoers to fill out the SQUASH and IPAQ anonymously. Respondents were asked to participate in the second survey. A mailing address was obtained from those who agreed to participate in the test-retest reliability portion of the study. The SQUASH questionnaire was mailed to these individuals three weeks after the first survey, as was recommended by the developer of the scale[@r17]^)^.

The Japanese version of the SQUASH was developed through forward translation and back-translation. Reliability and criterion-related validity were assessed in asymptomatic older adults. The test-retest method was used to establish the SQUASH's reliability. Criterion-related validity was investigated by assessing correlations between the SQUASH and the IPAQ (short version). Lastly, discriminator validity was assessed among the 3 groups of participants (asymptomatic men, asymptomatic women, and women with OA). Only women were recruited for the OA group, because the overwhelming majority of OA patients are women[@r21], [@r22]^)^. This questionnaire survey was conducted from September through November, in 2011 and 2012. This timing was chosen to avoid accumulations of snow (as much as 2 m in the study area) that substantially reduced activity levels.

To assess discriminator validity, individuals with hip or knee OA were recruited from outpatient departments at Hospital A in Akita Prefecture, and Hospitals B and C in Miyagi Prefecture, Japan. The inclusion criteria were 1) diagnosis of hip or knee OA to be treated at the outpatient departments, 2) women, and 3) ability to self-administer the Japanese versions of the questionnaires. The exclusion criteria were 1) age above 80 years and 2) comorbid diseases that affected activity levels, such as cardiac diseases and stroke, or diagnosis of a psychiatric disorder. Senior surgeons selected individuals from an outpatient database according to the inclusion and exclusion criteria. The SQUASH and IPAQ were mailed to the selected patients by the first author (S.M.).

The SQUASH measures usual physical activity during an average week over several months prior to SQUASH administration. The activity categories included commuting, work, household activities, and leisure time. The intensity of activities is classified as light, moderate, or vigorous. The activity score for each item is based on the metabolic equivalent (MET). One MET is defined as the energy expended by sitting quietly. Activities with a MET value lower than 2 were not included in the SQUASH because low MET activities do not contribute to the overall level of physical activity. Light intensity was equivalent to 2 to \< 4 METs, moderate was deemed as 4 to \< 6.5 METs, and vigorous activity was designated as ≥ 6.5 METs. All activity scores were calculated by multiplying total minutes of activity by intensity. The total activity score was calculated by summing each activity score[@r17]^)^.

The original SQUASH[@r17]^)^ was translated into Japanese using the back-translation procedure after obtaining permission from Dr. Wendel-Vos. The first author (S.M.) translated the SQUASH into Japanese, following which three nursing researchers evaluated the appropriateness of the translation. Of these three, two researchers were bilingual in English and Japanese and had work experience in the US or England; one of these two had experience in translating and validating English versions of health-related scales into Japanese.

A professional translator performed the back-translation. Dr. Wendel-Vos checked the back-translated version and suggested minor revisions. The researcher modified and translated the scale. This process was repeated until Dr. Wendel-Vos approved of the full content of the scale. In reviewing common activities in Japanese, some household activities were modified to be representative of Japanese culture. Taking care of other family members is common in Japan, so "care giving" was added to the activity list. In addition, gate ball (similar to croquet), a popular sport among older Japanese adults, was added to the category "sports". Dr. Wendel-Vos approved the modified Japanese version of the SQUASH.

The IPAQ (short version) was chosen to validate the SQUASH for criterion-related validity because it was easy to administer and has been used internationally. Furthermore, although the IPAQ is only a measurement of intensity, it was used to verify criterion-related validity because it takes work, household, and leisure activities into account, and, like the SQUASH, it is MET based, making use of Ainsworth's compendium of physical activities[@r18]^)^.

The reliability and validity of the IPAQ in Japanese older adults has previously been established[@r12]^)^. The IPAQ measures the frequency and duration of weekly physical activity and categorizes it as vigorous, moderate, or walking activity. Walking activity denotes not just leisure-related walking, but also work-related walking and walking as part of daily life activities. The IPAQ also estimates the daily duration of sitting or lying down using a measure of sitting time. The quantities of physical activity for separate questions are calculated by multiplying the total minutes of activity by the MET. Vigorous activity is equivalent to 8 METs, moderate activity is equivalent to 4 METs, and walking is equivalent to 3.3 METs. Total physical activity is calculated by taking the sum of the quantities of each physical activity item. It takes about 5 minutes to complete the IPAQ[@r9]^)^. Use of the IPAQ was authorized by the overseer of its Japanese version[@r10]^)^.

Concerning data analysis of the asymptomatic older adults, we verified the reliability and criterion-related validity of the SQUASH. Test-rest reliability was assessed using Spearman's correlation coefficients between the first and second SQUASH questionnaires. Criterion-related validity was examined using Spearman's correlation coefficients between the SQUASH and IPAQ scores. Discriminant validity was compared between the three groups (asymptomatic men, asymptomatic women, and women with OA). To test the differences in the three groups for continuous variables, an analysis of variance (ANOVA) was used when the distribution was normal, and the Kruskal-Wallis test was used when the distribution was skewed. For items that exhibited significant differences, we verified the discrepancies between each pair using a post hoc Steel-Dwass test. The JMP 10 software package (SAS Institute) was used to perform the statistical tests. The significance level was set at p \< 0.05.

This study was approved by the ethics committee of Akita University (No. 821). The orthopedic departments provided the first author with a list of patients, which included names and addresses. An ID was created for each patient, and the patient list and ID were managed in separate files. A letter with a questionnaire labeled with the ID inquiring about study participation was sent to a list of OA patients explaining the aim and procedures of the research. Returning the questionnaire was regarded as consent to participation in the study. The letter also informed the potential participants of the following: 1) participation status would not affect their care, 2) the data would be used for research purposes only, 3) the data would be presented only in aggregate form to professional journals, and 4) the results would remain anonymous.

Asymptomatic individuals were also informed about the aims, procedures, and ethical considerations in writing. Those who agreed to participate in the retest were requested to record their name and mailing address on paper. An ID was created and was written on the questionnaire in the reliability study; those who returned the questionnaire subsequently received it once more by mail in order to test test-retest reliability.

RESULTS {#s3}
=======

In total, 131 sets of questionnaires were returned. Of those, 25 had missing values and were excluded from the analysis (seven of these were from the OA group). Completed questionnaires were returned by 74 asymptomatic individuals, of which 69% were from women. In the asymptomatic group, the mean age was 63 ± 6 years for men and 61 ± 7 years for women. A total of 32 women with OA completed and returned the questionnaires. Their mean age was 63 ± 9 years. The age distribution among the three groups (asymptomatic men, asymptomatic women, and women with OA) did not differ significantly.

Thirty-six asymptomatic individuals volunteered for the test-retest part of the study. The mean age for the retest group was 63 ± 7 years; 56% of the group members were women. The total SQUASH score and scores for all items, except the intense housework item, were significantly correlated with the retest of the SQUASH; the correlation coefficient ranged from 0.48 to 0.95 (p \< 0.01, [Table 1](#tbl_001){ref-type="table"}Table 1.Test-retest reliability of the SQUASH in healthy elderly (n = 36)ItemMean\
activity scoreMean\
activity scoreSpearman\
correlationFirst testRetestCoefficientAll items together5,773± 4,3805,580± 3,0980.52\*\*CommutingWalking79± 24082± 2090.77\*\*Bicycle107± 234116± 2510.83\*\*WorkLight477± 7481,313± 1,5120.61\*\*Intense688± 1,829417± 1,0720.65\*\*HouseholdLight1,236± 1,0971,147± 1,2090.71\*\*Intense404± 576596± 1,0250.27Leisure timeWalking308± 611168± 4150.48\*\*Bicycle279± 700196± 5240.65\*\*Gardening874± 2,248300± 5000.59\*\*Odd jobs301± 929264± 5160.49\*\*Sports1,022± 3,466982± 2,6260.95\*\*All items are expressed as activity scores per week (mean ± SD).The retest was conducted about 3 weeks after the first test. \*p \< 0.05; \*\*p \< 0.01). Most of the correlations were strong (*r* \> 0.6); moderate correlations (0.6 \> *r* \> 0.4) were found for total items, leisure time walking, gardening, and odd jobs.

Seventy-four individuals volunteered for the criterion-related validity test. The mean age was 62 ± 6 years; 69% were women. The correlations between the IPAQ and SQUASH scales can be explained according to IPAQ subscales ([Table 2](#tbl_002){ref-type="table"}Table 2.Spearman correlation coefficients between the SQUASH and IPAQ in healthy elderly (n = 74)IPAQTotalVigorousModerateWalkingSitting timeSQUASH (Total)0.48\*\*0.37\*\*0.25\*--−0.26\*Commuting (Total)----------Walking----------Bicycle--0.39\*\*------Work (Total)0.23\*0.23\*------Light----------Intense--0.36\*\*------Household (Total)0.27\*--------Light----------Intense0.23\*0.29\*\*------Leisure time (Total)0.30\*\*0.38\*\*0.26\*--−0.27\*Walking------0.32\*\*--Bicycle------−0.30\*\*−0.30\*\*Gardening--------−0.24\*Odd jobs----0.26\*--−0.40\*Sports0.27\*--0.24\*------: not significant. \*p \< 0.05; \*\*p \< 0.01). The total IPAQ score was moderately correlated with the total SQUASH score, and was weakly correlated with three SQUASH subscales (all except commuting; [Table 2](#tbl_002){ref-type="table"}). The vigorous IPAQ subscale showed weak correlations with the work and leisure time SQUASH subscales, and was also weakly correlated with three intense activities in the SQUASH items, such as commuting using a bicycle and intense work/household activity. The moderate IPAQ subscale was only weakly correlated with the total SQUASH score, total leisure time SQUASH subscale score, and two items (odd jobs and sport) in the leisure time SQUASH subscale. Walking on the IPAQ showed a weak correlation with leisure time walking but not walking as a form of commute. Sitting time on the IPAQ was inversely correlated with the total SQUASH score, leisure time SQUASH subscale scores, and three out of five leisure time activities ([Table 2](#tbl_002){ref-type="table"}).

Discriminant validity was examined by comparing SQUASH and IPAQ scores among asymptomatic men and women and women with OA ([Table 3](#tbl_003){ref-type="table"}Table 3.Comparison of SQUASH and IPAQ data for healthy men, healthy women, and women with hip or knee OAContentsHealthy menHealthy womenWomen with OAKruskal-Wallis\
test\
p-valueSteel-Dwass test (p-value)n = 23\
Mean ± SDn = 51\
Mean ± SDn = 32\
Mean ± SDHealthy men\
vs. healthy\
womenHealthy men\
vs. women\
with OAHealthy women\
vs. women\
with OASQUASH (Total)4,837±5,9635,864±4,1615,736±3,389\*\*----CommutingWalking257±576132±29299±290--Bicycle15±73168±414117±663\*----\*WorkLight579±1,222979±1,798915±1,597--Intense189±500576±2,043506±1,610--HouseholdLight394±8282,208±1,8672,312±2,312\*\*\*\*\*\*--Intense417±965665±1,5021,005±1,731--Leisure timeWalking394±755211±37541±100\*--\*\*--Bicycle112±452158±4145±27\*----\*Gardening845±2,667266±518643±1,869--Odd jobs30±131288±81568±198--Sports1,604±4,140213±57425±128\*\*--\*\*\*IPAQ (Total)3,629±5,5173,889±5,5543,460±5,056--Vigorous1,447±3,946902±2,452615±3,061--Moderate344±5781,413±4,0521,499±3,332--Walking1,837±3,5561,573±1,5731,347±1,347--Sitting time (min)258±262236±234406±309\*\*----\*\*All items are expressed as activity scores per week except IPAQ sitting time. Sitting time is expressed as minutes per week. When the Kruskal-Wallis test results reached statistical significance, the Steel-Dwass test was used as a post hoc test.--: not significant. OA: osteoarthritis. \*p \< 0.05; \*\*p \< 0.01). Significant differences in scores between the groups were found for the SQUASH total score, and items regarding bicycling, light household activity, leisure time walking, and sports. Gender differences in scores were found for light household activity, with men reporting much lower scores than the two groups of women. OA women reported significantly less leisure time walking than asymptomatic men, and reported almost as little leisure time bicycle activity as asymptomatic women. Similarly, OA women reported less leisure time sports activities than the two asymptomatic groups. With regard to the IPAQ, no significant differences in activity scores among the three groups emerged for any of the four IPAQ categories except for sitting time, and OA women reported significantly longer sitting times than asymptomatic women.

DISCUSSION {#s4}
==========

The present study demonstrated the reliability and validity of the Japanese version of the SQUASH as an assessment of physical activity in older adults. The SQUASH was also shown to have better discriminant validity than the IPAQ in the detection of differences regarding the type and amount of physical activity among older adults with low activity levels.

The test-retest reliability of the SQUASH was satisfactory, with correlations between the first and second surveys of the SQUASH ranging from moderate to strong, except for the heavy housework item. The results are comparable to previous studies of younger adults and individuals with total hip arthroplasty[@r17], [@r19]^)^, although our participants were older and less active. Heavy household work, such as mopping the floor, was a relatively infrequent activity[@r23]^)^. This may have been the case because the SQUASH assesses mean activity for a weekly period, and infrequent activities may not have been repeated in the test-retest reliability assessment phase.

The criterion-related validity of the Japanese version of SQUASH in older adults may be considered satisfactory, with a moderate correlation between the total score on the SQUASH and that of the IPAQ; this result was comparable to that of the UCLA Activity Scale, which was evaluated using the IPAQ[@r24]^)^. However, after examining specific item coefficients, most SQUASH intense activity items --- but not light activity items --- were correlated with the IPAQ largely because the IPAQ does not have a light activity category. Weak correlations between walking on the SQUASH and IPAQ that only emerged in the leisure-walking category can be explained by the fact that the IPAQ only assesses walking that lasts for ≥ 10 minutes. A walking commute lasting less than 10 minutes may not have been included in the IPAQ. The inverse correlation between the IPAQ sitting time and total SQUASH score indicates that those reporting more activities spent less time sitting. This inverse relationship is a reflection of time spent in several leisure activities. It is interesting to note that essential activities, such as work and housework, did not show an inverse correlation with the IPAQ sitting time.

In the present study, criterion-related validity was tested by examining the correlations between the SQUASH and the IPAQ. In some studies, pedometers have been used for criterion validity of activity scales. We did not use pedometers, however, because they do not measure aquatic sports, and result in a relatively high noncompliance rate of device wearing in older adults[@r16]^)^. Furthermore, the SQUASH measures activity over an average week throughout the past month, while pedometers are generally only worn for a week[@r15]^)^.

Our findings show that the SQUASH had high discriminant validity when compared with the IPAQ in older adults. The IPAQ (short version) is intended to measure the intensity of physical activity, while the SQUASH measures both the intensity and type of activity. The SQUASH is composed of culturally sensitive activity items that could detect differences in activity levels among older adults with relatively low physical activity levels. The sex differences in activity level noted in our study were in line with a national survey of activity among Japanese adults and seniors, which found that women spent far more time on household activities than men (4.25 and 0.5 hours per day, respectively[@r25]^)^).

No differences emerged when household activity levels of women with OA were compared with those of asymptomatic women, indicating that women with OA maintained high levels of household activity. Household activities include carrying shopping bags, lifting pots and pans, and standing while cooking. These activities may aggravate osteoarthritis[@r26], [@r27]^)^. Such individuals require support in performing these household activities in order to prevent further joint deterioration.

Walking, cycling, and sports scores in OA women were significantly lower than those in asymptomatic groups. This suggests that pain and limited range of motion make it difficult for individuals with OA to be active for leisure. Maintaining low impact exercise is important for slowing the progression of OA[@r28], [@r29]^)^. Further research is necessary to examine the association between OA progression and activity levels that match appropriate amounts of exercise.

Since the SQUASH has excellent discriminant validity in detecting activity level differences between asymptomatic older adults and women with OA, it can be used to monitor changes in activity levels. Because the SQUASH does not evaluate solely the intensity or amount of an activity, but also classifies its content in detail[@r17], [@r19]^)^, the scale is effective in evaluating less active older adults. The SQUASH can also be used to identify OA patients that engage in intense household activities. Appropriate social services should be provided to reduce intense household activity in order to mitigate the heavy loads on the knees or hips.

This study has several limitations worth noting. The sample size was not large enough to prevent type 2 errors for some items, and differences in activity levels among the asymptomatic and OA groups may not have been detected. In addition, the OA group was selected from three hospitals in Japan, and included only women; they may not represent the activity level of all individuals with knee or hip OA across Japan. Nevertheless, this study showed the SQUASH to possess high discriminant validity in older adults, and the discrepancies in patterns of activity between men and women were in agreement with a national survey[@r25]^)^. Lastly, this study did not differentiate between mild/moderate/severe OA. Further research is needed to see whether the SQUASH can distinguish physical activity between patients with different OA severities.

In conclusion, the current study examined the test-retest reliability, criterion-related validity, and discriminant validity of the Japanese version of the SQUASH in older adults. The results showed the SQUASH to be a reliable and valid instrument for use among older Japanese adults as well as a useful tool to discriminate between women with knee or hip OA. The SQUASH is a practical, easy-to-administer scale that may be used to assess physical activity for individuals with OA and to monitor changes in physical activity.
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